
Mr. She I by Wi I I i nms 
NEVAU!\ PONCH 
P.O. x 77 

apa, vada 89025 

Sub j e c t : 0 I I n g r Fan: V i bra t ion An a I y sis and c han i c a I 
Inspection. 
Nevada r any Purchase Order . 28462 

rporation Project Z05-0l0 

ar Mr. Wi II ams: 

Enclose please f nd two copies of our report entitled, II 

TONER FAN: VIBRATION IS AND I I I II ta 
for til s report was acquired between the periods ril 7,1985 
and ril 15,1985. Please feel free to contact us regarding any 
questions you may have on this report. 

tilis time we would like to acknowledge the excellent 
cooperation and assistance rendered by your staff. 

Sincerely yours: 

Claude 
MEZCO 
7721 Ig te Avenue 
We still ins t e r , . 92683 
(714) 894 6017· 

c c . r. Wi I I i am E. The i sen 
Mr. David R. bster 

1 11 



"VI 

Data 

"COOL I 

IS 

" 

Prepared for: 

rdner Station 

apa, vada 

Prepared by: 

Claud H. uchi 

and 

Lance T. uchi 

10\1 

stminster, t ifornia 

Quisition tes: rit 7, and 

" 

ril 15, 1985 

rchase Order 28462 

Project 5 010 

Report Date: ril 22,1985 

1 11 



1.0 11\1 . · . . . · · · · · · · 1-0 

2.0 · · · · · · · 2 0 

3 0 · . . . · · · · · · 3-0 

4.0 01 SI RE · · · · · · · 4 0 

5.0 II\IG II\IG · · · · · · 5 0 

5. 1 S IFI · · · · · · 5 - 1 

5.2 L "0". · 5 2 

5.3 LL · · · · · · · · · 5-3 

5.4 "Gil. · · · 5-4 

6.0 · · · 6-0 

6. 1 · · · 6-1 

6.2 2nd 6-2 

6.3 1 s t 6-3 

6.4 1 s t IVE · · · · · · · · 6-4 

7.0 AP IX 

7 1 · · · 7-1 

7.2 · · · 7-2 

7.3 VI · · · 7 3 

7.4 7 4 

1 11 



1 .0 

The NEVADA I ID 
Nevada, has experienced four 
f a I I u res. e s e 00 lin g t owe r 
service in 1983 and have had 
main gearbox, center support 

IT. 4 at apa, 
cool ing tower dr ive shaft 
fans were comnissioned for 

mechanical pr lems with the 
bearings and motor bearings. 

On January 30,1985, the inboard drive shaft failed on the 
"B II coo I I n g t owe r fan. S U Q seq u e n t I y, s i mil a r fa i I u res h a v e 
occurred on fans II and II II 

requested 
in the evaluation of the drive 
a permanent solution to this pr 

rporation to assist 
s h aft f a i I u rea n d r e c orlme n d 

lem. 

sed 0 nth e me c han I c a lin s p e c t lon, v i bra t ion a n a I y sis and 
information furnished by personnel, we 
have concluded that the primary suspected cause is improper 
coupl I ng gaps due to thermal growth of the shafts e 
I imlted float coupl ing design does not al low sufficient 
axial growth. This causes the shaft to bow in the center 
and causes additional axial stress on the bearings. 
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2.0 AND 

2 . 1 Til e prj ma r y sus pee ted c au s e 0 f the d r i ve s h aft f a i I u r e 
is improper coupl ing gap between tarbox, Center 
s p p 0 r t be a r i n g and tor . Wh e nth e co U P 1 i n g i s too 
cos e , the the r ma I grow tho f the s h aft wi I I c a use the 
shaft to bow in the center. is wi I I also trap 
water in· the drive shaft and resulting is a shaft 
tai lure. 

2 . 2 Ce n t e r SLIP P 0 r tan d mo tor be a r i n 9 fa i I u res can be 
attributed to excessive axial loading due to improper 
c upling gaps. This was ev dent by high center support 
bearing t eratur s. 

2 . 3 H i g h g ear me s h v i bra t ion f r e que n c i e s (28, 0 c pm ) i nth e 
gearbox suggest that the input gear to the intermediate 
gear has improper gearmeshing. suspect this is 
caused by defective bearings which is the result of 
excessive axial bearing loads. 

2.4 Water accumulation in the drive shafts could result in 
shaft failure due to unbalance. 
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3.0 

3 1 P e for m a me c han i c a lin s p e c ti a non a I I the fan s for 
proper coup ling gaps and a Ii gnment. semb I e coup ling 
with .040 to. 0 Inches for thermal growth. 

3.2 Evaluate al ternate coupling designs which would allow 
greater axial growth. wi II furnish a reconmenda 
tion at a later date 

3.3 111StClII a un shield over the drive shaft to reduce the 
thermal effects when the fans are not running. Cal 
Ed son, Etiwanda station, found that the sun was bowing 
the shafts en the fans were not running. 

3.4 Install water drain holes in the drive shafts if water 
sti II accumulates inside the shaft. Install holes 
reconmended by rley any. 

3.5 Install proper length keys in coupl ing hubs. is wi II 
reduce vibration caus by unbalanced coupl ing compo-
nents. 

3.6 I stal I vibration transducers and monitors on the cen­
ter support bear ings. is wi II provide the necessary 
v brat ion information needed to predict future bearing 
fai lures. 

3 • 7 1st a I I a n a u x i I I a r y 0 r i n t ern a I 0 i I pump i n ttl e g ear 
box. is will provide additional cooling to the 
bearings and gears during the sunmer months. e splash 
lubrication system was found ina uate to provide 
lubrication to upper bearings and ars when the fan is 
free wheel ing. 

3.8 The ntly vada vibration monitor alarm point for the 
"B" path shou I d be lowered from 5 mi I s to 3 mi I sand 
the danger point should be lowered from 10 mi Is to 5 
mils iginally, the higher vibration alarm levels 
were selected for a construct cool jng tower. 
Since your cool ing towers are constructed of concrete, 
lower alarm points should be used due to the fact that 
concrete limits overal I movement. 
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4.0 LJ I SC:LJS S I OF HE TS 

4.1 Plot no. 

4.2 

4.3 

4.4 

til dr ve shafts were tested for their natural 
res 0 nan c e s bye xci tin g the s h aft wit h a rub b erma I let. 

The 5 inch drive shaft natural resonance = 2760 c 
e 4 inch drive shaft natural resonance 3960 cpm 

th of the shaft's natural resonances are wei I above 
thc running speed of ihe motor. 

liD" 

I f "0' " drive shaft was 
ace e pta b I eli mit s , h owe v e r, no 
ccnter support bearing and the 
made since the center support 
bolt bound and thus prevented 
move s . 

Plot no. 2 

aligned within 
movement between 
. 2 drive shaft 
bearing housing 
u s from ma kin 9 

the 
the 
was 
was 
any 

e gearbox spectrum shows an input shaft gearmesh 
frequency of 0.27 inch per second at 28, cpm. 

is indicates that the bearing on the input shaft 
has excessive wear and should replaced and 
readjusted for proper armesh and backlash. Please 
rnonitor the vibration level closely and perform a 
mechanical inspection when the vibration level reaches 
0.3 inch per second. 

Plot no. 5 

II "A's" gearbox vibration level is considered in 
the level. e gearbox should be inspected for 
bearing condition and proper gearmesh. found 
that the drive-shaft coupling gaps were too wide on 
both drive shafts. e center support bearing housing 
temperature was very hot, suggesting that the bearing 
was subjected to high axial forces. 

e spectr.um 
these units 
levels. 

lS "B, C, and E" 
Plots no. 5 & 6 

plots for these ar xes sug sts that 
are running within acceptable vibration 

4-0 

I 1 11 



{ FAN: C[LL II Plots no 11 R. I? 

Cel I IS" gearbox vibration levels are considered to 
be in the level. e gearbox should be 

nspected for bearing condition and proper gearmesh. 
We found that the dr ive-shaft coupl ing gaps were 
too narrow on both shafts. The narrow coupl ng gaps 
would cause the drive shaft to be in constant 
cornpression, especially with the thermal growth and 
thus cause the drive shafts to bow in the center. 
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5.0 

Tile ma n u f act u res s p e c i f i cat ion for pro per co u pin 9 gap s are 
displayed on page 5 1. have also calculated the cold 
desired coupling gap based on a thermal growth of 20 
degrees F. 

e final cold coupl ing gaps for 
page 5 2. 

e und hot coup ling gaps for 
recorded on pages 5 3 and 5-4. 

5-0 

I I " 

I I 

ar recorded on 

and " are 
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G.O ..... -.IG~E~T 

oling tower dr ve shafts that have no support bearing have a 
ten den c y t 0 sag I due tog r a v ita t jon a I for c e s • e a rno u n tor sag 
wi'l depend on the coupl ing design and wi J I varyaccorrlinnly. 

e n tile rever s e i n die a lor a I i g nrne n t me tho dis use don l his 
appl ication, the vertical offset wi II have to corrected to 
reflect the true shaft position. e amount of offset can be 
identified by the negative values on the left coupling and the 
positive values on t right coupling. 

rrection for this offset can accornpl ished by cancel ing the 
shaft centerline offset and plotting the angular offset. 
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